Abstract -The results of the creation of a transition radiation detector-a "B" tracker on the basis of thinwalled drift tubes (straw tubes) for the inner detector of the ATLAS Large Hadron Collider (LHC)-are presented. The results of preliminary detector testing are described. The basic components and procedures of assembly for 17 eight-layer TRT modules manufactured at JINR are described.
INTRODUCTION
The ATLAS Large Hadron Collider (LHC) contains several large detection systems, including the inner detector (ID) operating under an extremely high load where the charged particle beam can reach 1.25 × 10 6 s -1 cm -1 [1] . The ID includes a tracker on the basis of silicon detectors and a transition radiation detector (TRT tracker) on the basis of thin-walled drift tubes (straw tubes). The TRT barrel was manufactured in the United States, and the forward TRT modules (end-cup) were manufactured at the Laboratory of Particle Physics, JINR ("B" type) and PINP ("A" type). There are 298 304 TRT ATLAS detection channels.
The requirement on high track restoration efficiency for charged particles and separation of electrons and pions with a rejection factor of about 100 under high loads determined the main requirements on the TRT:
(i) accuracy of space positioning of each straw no worse than 50 µ m;
(ii) straw space resolution no worse than 150 µ m; (iii) homogeneity of the parameters for all detection channels no worse than ± 5%; (iv) minimum losses of the Xe-based working gas. During experiments, the R@D collaboration studied the properties of both the straws and the materials used for manufacturing separate detector elements [2, 3] . On the basis of the prototypes, the requirements on the detector were studied and developed taking into account the radiation conditions of the experiment [4] . The design and technology of the detector construction were applied at JINR (Dubna) and PINP (Gatchina) for construction of "B" type and "A" type TRT modules, respectively. In this work, we present the experience of creating at JINR the 17 "B" type TRT modules with the total number of 104448 detection channels (straws).
BASIC ELEMENTS OF THE "B" MODULE
2.1. Module. Wheels "B" with an outer diameter of 2088 mm, inner diameter of 1247.5 +0.00 mm, and thickness of 114 mm consist of outer and inner coal-plastic wheels fastened by straws with a diameter of 4 mm glued in them in the radial direction. Each module contains eight straw layers, nine layers of radiators of transition radiation from sets of polypropylene film, and consists of two submodules. A total of 6144 straws are mounted in the module (Fig. 1) . The screens that shield the module from electromagnetic radiation and the elements for gas supply and cooling of the detector are mounted on the module.
During the manufacture of individual elements and/or systems of elements, necessary testing is carried out in order to provide the required parameters of the detector.
2.2. Straw. A polyamide (capton) film with a thickness of 25 µ m is processed in a special way, namely, an aluminum coating with a thickness of about 0.2 µ m and then a graphite coating with a thickness of 6 µ m are applied to one surface of the film. The other surface is covered with polyurethane with a thickness of about 5 µ m as a hot adhesive. The final thickness of the film is (36 ± 6) µ m, and its resistance is about 10 Ω /square. Straws with the inner diameter (4.00 + 0.02) mm are wound from two bands of this film (see Fig. 2 ). The conducting graphite coating is at the inner and out surfaces of the straw. Straws were wound by Lamina Dielectrics Ltd. (England) /www.laminadielectrics.com/.
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In order to provide rectilinearity and good cylindricity on the outer surface of a straw with a length of 1.65 m, four carbon strips were glued in the longitudinal direction. Each strip contains 1000 threads with a diameter of 8 µ m and is glued by an epoxy adhesive. The weight of the glued strips is 4 × 0.266 g per meter of straw.
The device for automation of this procedure, which was developed by our collaboration, was used at JINR for over two years for reinforcing 91993 straws. After reinforcement, the outer diameter of each reinforced straw was controlled using a special template, and the resistivity of the carbon coating and rectilinearity of the straw were controlled. For the last test, the upper end of the straw was fastened on a vertical rotating rod, and deviation of the lower end of the straw from the rod axis was measured during rotation. The value of this deviation was smaller than 3 mm for 52.2% of the straws, and within 3-4 and 4-8 mm for 23.7 and 22.3%, respectively. Straws whose deviation exceeded 8 mm were rejected. The total loss was 2.7% of the initial number.
2.3. Straw inner elements and assembly. For gluing a straw into the detector and for mounting an anode wire with a diameter of 30 µ m in the straw, outer and inner barrels molded from polycarbonate with an accuracy higher than 30 µ m were used. They were different for the two straw ends. For fixing the anode wire, the special thin-walled Cu-pins with an insulating plastic cover were used at one straw end and all-metal ones at the other end [5, 6] .
Straws whose rectilinearity proved satisfactory were transferred to the preliminary assembly area, where they underwent the following procedures:
(i) preliminary cutting to the required size;
(ii) creation of the galvanic contact between the inner and outer surfaces of the straw;
(iii) gluing in the outer and inner barrels; (iv) cutting the end elements of the assembled straw with an accuracy of 0.1 mm.
Moreover, during and after these assembly procedures, the following was controlled for each straw:
(i) surface resistivity and galvanic contact; (ii) length (with an accuracy of 0.2 mm) and rectilinearity of the straw; (iii) gas leak. Figure 3 shows a straw prepared for mounting in the detector.
Nonrectilinearity of the straw was determined using an automated device that measured the change of the straw diameter at its rotation about the central axis in three cross sections along its length. Online-processed results of measurements determined the straw category, namely, category a if the change in the straw diameter was smaller than 0.1 mm; category b , between 0.1 and 0.2 mm; and c , between 0.2 and 0.3 mm.
For measuring the gas leak, the straws were placed inside a hermetic box and filled with argon up to an overpressure of 1 bar with respect to the pressure in the box. The leak was determined by the change of pressure in the box. Straws whose leak was larger than 0.1 mbar/min bar were rejected.
Totally, over 3.5 years 110127 37.0-cm-long straws and 45062 49.7-cm-long straws ready for mounting in the detector were prepared. The losses were 12 and 8.8%, respectively. It should be noted that for a length of 37.0 cm, the straw fractions according to categories a , b , and c were 59, 36, and 5%, respectively. For the 49.7 cm long straws these fractions were 40, 50, and 
